OPEN ACCESS 5.91) than those who had not. The risk of LTFU was lower in children stunted (height-forage Z-scores <-2 SD) (0.42-0.96) or underweight (weight-for-age Z-scores <-2 SD) (0.24-0.97).
Introduction
The success of antiretroviral treatment (ART) programs can be compromised by high rates of patient loss to follow-up (LTFU). We assessed the incidence and risk factors of LTFU in a large cohort of HIV-infected children receiving ART in Thailand.
Methods
All children participating in a multicenter cohort (NCT00433030) between 1999 and 2014 were included. The date of LTFU was 9 months after the last contact date. ART interruption was defined as ART discontinuation for more than 7 days followed by resumption of treatment. Baseline and time-dependent risk factors associated with LTFU were identified using Fine and Gray competing risk regression models with death or referral to another hospital as competing events.
Results
Of 873 children who were followed during a median of 8.6 years (interquartile range 4.5-10.6), 196 were LTFU, 73 died, and 195 referred. The cumulative incidence of LTFU was 2.9% at 1 year, 7.3% at 5 years and 22.2% at 10 years. Children aged 13 years and more had a 3-fold higher risk (95% confidence interval 2.06-4.78) of LTFU than those younger. Children who had interrupted ART within the previous year had a 2.5-fold higher risk ( 
Introduction
Loss to follow-up (LTFU) among HIV-infected children on antiretroviral therapy (ART) is associated with treatment discontinuation, which in turn negatively may affect clinical outcomes and increase the risk of hospital admission or death [1] [2] [3] [4] [5] [6] [7] [8] [9] . Reported incidence rates (IR) of LTFU in children after ART initiation have been highly variable: from 4.2 to 18.2 per 100 child-years depending on studies [10] [11] [12] [13] . During the first year of follow-up, rates reported in country-specific or multi-country studies varied from 4% to 19% in Africa and Asia [10, [13] [14] [15] [16] . A cohort study of the TREAT Asia Pediatric HIV Observational Database (TApHOD) conducted in Cambodia, India, Indonesia, Malaysia, and Thailand estimated that the cumulative LTFU rate was a 24% five years after treatment initiation [10] .
Several characteristics of children have been reported associated with the risk of LTFU, and results have been sometimes conflicting: immunosuppression [12, 13, 17] , regimen substitution [17] , diarrhea [11] , wasting [13, 15] , poor nutritional status [11] , infancy and very young age [11, 13] , but also adolescence (11-19 compared to �10 years) [17] , mother as primary caregiver [13] , calendar years [11, 13] , and factors related to the organization of care [11, 15] .
LTFU cases may lead to an under-estimation of mortality rates and an overestimation of a program efficiency. A meta-analysis conducted among HIV-infected children initiating ART in Southern Africa found that the mortality rate would be almost twice higher, would LTFU be taken into account [14] . We estimated the incidence and studied factors associated with LTFU in a large cohort of HIV-infected children on ART in Thailand.
Materials and methods

Study design and population
Data analyzed were prospectively collected between January 1, 1999 and December 31, 2014 from all HIV-infected children aged <18 years participating in the Program for HIV Prevention and Treatment (PHPT) prospective multicenter cohort study (ClinicalTrials.gov: NCT00433030) that was implemented in 43 hospitals located throughout Thailand.
Follow-up and data collection
Children were seen by a physician or a specialized nurse at ART initiation (baseline), 2 weeks, 1, 3, 6 months and every 6 months thereafter. Demographics, clinical and laboratory data (complete blood count, chemistry and virologic data) were collected at each visit. Compensation for visit transportation cost was provided as needed. Efforts were made to trace children who were LTFU through telephone calls and home visits.
Variables
The baseline variables assessed for association with the risk of LTFU were: sex, age, country of birth, type of hospital of birth, relationship with the caregiver, height-for-age and weight-forage using growth standard of Thai children [18] , period of ART initiation, HIV stage based on Centers for Disease Control and Prevention (CDC) classification, HIV-RNA load, CD4 percentage, and anemia status based on World Health Organization (WHO) criteria [19] . Timedependent variables assessed were: age, height-for-age, weight-for-age, HIV CDC stage, HIV-RNA load, CD4 percentage, anemia status, ART interruptions (defined as discontinuation for more than 7 days followed by resumption), and switches of ART regimen.
Statistical analysis
A child was considered LTFU when he/she has not attended HIV clinic for more than 9 months (3 months later than the scheduled visit) despite repeated attempts to reach him/her with telephone calls or home visits.
Continuous variables are described using medians and interquartile ranges (IQR), and categorical variables are presented as frequencies and percentages.
The cumulative incidence of LTFU was estimated using a cumulative incidence function accounting for death and referral to another hospital as competing events. The 95% confidence intervals (CIs) of estimated incidence rates were calculated based on the log-log transformation [20] .
Baseline and time-dependent risk factors associated with LTFU were identified using Fine and Gray competing risk regression models [21] with death and referral to another hospital considered as competing events. All models were adjusted on the region of follow-up (northern Thailand versus others regions) to account for regional differences and on the period of ART initiation, i.e. before or after the establishment of the national AIDS treatment program in 2005 [22] .
P-values from models were derived from the Wald test [23] . Missing values at baseline were imputed using the available data nearest to ART initiation (within 1 year before or, if still missing, within 15 days after), and missing values for time-dependent variables were imputed using linear interpolation [24] based on the previous and following observed values within 1 year before and after. Factors with a p-value lower than 0.25 in the univariable analysis [25] were included in the multivariable analysis, and a backward elimination procedure was used to identify factors independently associated with LTFU. Possible interactions between factors in the final model were assessed. The validity of the proportional hazards assumption for each variable was tested using time-varying interaction terms [23, 26] .
All analyses and missing data imputation were performed using Stata 12.0 or R 3.4.0.
Ethical considerations
After receiving information about the study, parents or guardians of the participating children provided written consent before enrollment. All data were collected anonymously using patient identification numbers. The PHPT cohort study protocol was approved by the ethics committees at the Thai Ministry of Public Health and local hospitals.
Results
Population characteristics
Of 873 children included in the analysis, 471 (54%) were female. Baseline characteristics of the population are presented in Table 1 . The median age was 6.5 years (interquartile range [IQR]:
2.4-9. 6); the majority of children (61%) were followed up in the northern region of Thailand and most (91%) were living with their relatives (mother, father, grandparents, or other relatives). The median HIV-RNA load was 5.2 log 10 copies/mL (4.7-5.7) and CD4 percentage 8% (2-16) ( Table 1 ).
Cumulative incidence of loss to follow-up
The median duration of follow-up was 8.6 years (IQR, 4.5-10.6). During the study period, 73 children died, 196 were LTFU and 195 were referred to another hospital. A total of 38 experienced at least once ART interruption for >1 week, including 4 who died. The overall incidence rate of LTFU was 2.92 per 100 child-years (2.53-3.35). Considering death and referral to another hospital as competing events, the cumulative incidence of LTFU was 2.9% (95% CI: 1.9-4.1%) at 1 year, 7.3% (5.7-9.1%) at 5 years and 22.2% (19.3-25.2%) at 10 years (Fig 1) . [18] c Anemia status according on WHO criteria adjusted on sex and age [19] https://doi.org/10.1371/journal.pone.0222082.t001
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Factors associated with loss to follow-up
In the univariable analysis adjusting for the period of ART initiation and region in Thailand, baseline variables associated with a higher risk of LTFU were: age �7 years (subhazard ratio = Table 2 ). In the multivariable analysis adjusting for the period of ART initiation and region, the time-dependent variables associated with a higher risk of LTFU were age �13 years (adjusted subhazard ratio = 3.14;95% CI = 2.06-4.78) and ART interruption (2.57; 1.12-5.91), and the variables associated with a lower risk were stunting (0.63; 0.42-0.96), and underweight (0.43; 0.24-0.77) ( Table 2 ). There was no significant interaction between the factors associated with the risk of LTFU (S1 Table) .
Discussion
In this cohort of 873 HIV-infected children followed for a median of 8 years in an ART program in Thailand, 196 were LTFU. At 1 year, the cumulative incidence of LTFU was 2.9%, a lower incidence than in studies using similar LTFU definition, i.e. no return to HIV clinics within the 9 months after last visit: 18.8% in a study including 11 cohorts from four countries in southern Africa [16] . The incidence seems also lower than in studies using a shorter time after last visit to define a LTFU event: 7% in a study in four southern Africa countries (6 months) [14] , 7.3% in one study in South Africa (6 months) [13] , and 6.9% in Nigeria (3 Loss to follow-up among HIV-infected children on antiretroviral treatment months) [15] . In contrast, the LTFU rate reported in Asia by TApHOD (12 months before a child is considered LTFU) [10] was only 4.0%, closer to our findings. At 5 years, the cumulative incidence rate of LTFU, 7.3%, was also lower than the 24.0% LTFU incidence reported in TApHOD [10] . Differences in LTFU rate estimates may reflect some heterogeneity between settings in term of HIV care experience, local policies and organization of care, as well as sociodemographic characteristics of children.
We considered both baseline and time-dependent variables for the evaluation of risk factors of LTFU. Interestingly, the risk of LTFU seemed more related to events arising during the follow-up than factors known at treatment initiation. We found that adolescence was a strong risk factor of LTFU, similar to a study in Ethiopia where the risk of LTFU in HIV-infected adolescents (aged 11-19 years) was 2.1 times higher than in younger children [17] . Other pediatric studies did not study the role of age at the time of loss to follow-up [11] [12] [13] 15] . A study in [18] c Anemia status based on hemoglobin level, sex, and age following WHO criteria [19] d ART interruption considered as discontinuation for more than 7 days followed by resumption https://doi.org/10.1371/journal.pone.0222082.t002
Loss to follow-up among HIV-infected children on antiretroviral treatment western Kenya reported that 16% of HIV-infected LTFU did not return to the clinic because of fear of disclosure or discrimination within the family and community [27] . In addition to adolescence, we found that transient ART interruption during follow-up was associated with a higher risk of LTFU. To our knowledge, there have been no studies assessing the association between ART interruption and risk of LTFU.
As opposed to a previous study in South Africa where underweight children at ART initiation were at a higher risk of LTFU [13] , we found that stunted and/or underweight children were actually at a lower risk of LTFU. This could indicate that children who have -or have regained-a normal or suboptimal nutritional appearance may be more likely to interrupt from their hospital follow-up. Caregivers concerned with a child's health may be reassured when he/ she is no longer stunted or excessively thin and may be less motivated for regular follow-up.
In addition to the quality of the data available (prospectively collected over a median follow-up of 8.6 years and a limited number of missing data), a strength of our study was the availability of longitudinal data to evaluate the effect of changes in some key variables during the follow-up. A limitation of our study is the lack of data on some factors that other studies found associated with LTFU, such as the organization of care in each clinic [15] , the distance between place of residence and clinic [28] , or stigma and discrimination problems [27] .
Conclusions
Beside the increased risk of LTFU in adolescents, any ART interruption may be a warning that should trigger specific interventions and maybe prompt for enhanced communication with families and children to promote the need for close monitoring. Optimal growth should not be taken as reason for relaxing measures to ensure long term follow-up.
Supporting information S1 Dataset. De-identified dataset used for the analysis. (XLSX) S1 Table. Assessment of potential interactions between factors associated with the risk of loss to follow-up.
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